DECALCIFICATION OF THIN SECTIONS FOR ELECTRON MICROSCOPE STUDIES OF CRYSTAL-MATRIX RELATIONSHIPS IN MOLLUSC SHELLS NORIMITSU WATABE. From the Department of Zoology, Duke University, Durham, North Carolina
This note reports a method for studying the relationship between crystals and the organic matrix in calcified structures by means of decalcification of single thin sections. The mollusc shell has been used in developing the method.
Electron microscope studies of the organic matrix of the mollusc shell have been carried out by making replicas of the normal or etched shell surfaces (Gr5goire, 1957 (Gr5goire, , 1959 (Gr5goire, , 1961a (Gr5goire, , 1961b Watabe and Wilbur, 1961) , by thin sectioning (Wada, 1961; Watabe, unpublished) , and following ultrasonic disintegration of the matrix (GrSgoire et al., 1955; Gr~goire, 1959 Gr~goire, , 1961b after decalcification of the shell. These methods do not lend themselves readily to a detailed examination of the structural relationships between matrix and crystals. However, we have found that the relationships can be made clear by comparing normal and decalcified serial sections and through partial decalcification of individual sections of shell.
M E T H O D S
Pieces of shell were dehydrated overnight in absolute ethanol under a vacuum and embedded in Vestopal H, according to Kurtz (1961) . Serial sections about I~GURE 1 Electron micrograph of an undecaleified section of nacreous layer of shell showing calcium carbonate crystals in horizontal layers parallel to the shell surface. The individual crystals, 0.3 ~ wide and 0.6/z long, are dendritic elements of large crystals, 5 to 10 # in width, that constitute a structure of the brick wall type. The intercrystalline matrix is seen indistinctly (arrows). X 17,600. FIGURE ~ A print from a reversed negative of the same section as that shown in Fig. 1 after decalcification in phosphotungstic acid for 10 minutes and shadowed with platinum. The crystals (white area) remain undecalcified at the left; decalcification is complete at the right. The organic matrix is clearly seen interposed between the crystalline layers (horizontal white cords) and as bridges (vertical cords) connecting the intererystalline layers. The individual crystals are surrounded by nmtrix. Sheets of matrix are also present in the area limited by the horizontal and vertical matrices. X ~1,~00. 600 A thick were made with a diamond knife. The sections were picked up on copper grids coated with collodion and carbon and the crystal structure was observed with the electron microscope. The same sections were then floated face down on 1 per cent phosphotungstic acid in water (pH 5.3) for 10 to 30 minutes or on 2.5 per cent EDTA solution (pH 8.0) for 30 to 60 minutes, according to the degree of decalcification desired. The phosphotungstic acid treatment served both for decalcification and for matrix staining. The grids bearing the sections were rinsed gently several times in distilled water and often shadowed with platinum.
R E S U L T S
The nacreous layer of the shell of the fresh water mussel Elliptio complanatus is made up of parallel layers of calcium carbonate crystals associated with organic matrix. Fig. 1 shows an undecalcified section with crystals in horizontal layers parallel to the shell surface. In the figure, the individual crystals, about 0.3 g wide and 0.6 g long, are dendritic elements of large crystals, 5 to 10 g in width (Watabe, unpublished) , that constitute a structure of the brick wall type in the shell. (The large crystals can be seen in undecalcified sections made parallel to the surface, and in replicas of the shell surface and fracture surfaces, but are not evident in the vertical sections.) Fig. 2 is a print from a reversed negative of the same section as that shown in Fig. 1 after decalcification in phosphotungstic acid for 10 minutes. The crystals (white area) remain undecalcified at the left; decalcification is complete at the right. The or-ganic matrix is clearly seen interposed between the crystalline layers (horizontal white cords) and as bridges (vertical cords) connecting the intercrystalline matrix layers. (The intercrystalline matrix is also seen indistinctly in Fig. 1, arrows .) The individual crystals are surrounded by matrix, as previously reported (see Gr6goire, 1957) .
The technique further demonstrates that sheets of matrix are also present in the area limited by the horizontal and vertical matrices. They were found in every serial section made through crystals at a section thickness of about one-tenth that of the individual crystal. This indicates that an organic matrix is present within the crystals as well as around them. Detailed observations of the crystal-matrix relationships in mollusc shells of several species in which the technique has been applied will be reported in a separate paper. This study was supported by the National Institute of Dental Research, National Institutes of Health.
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